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The article by Shapiro et al in this issue of the *Journal of the American Heart Association* (*JAHA*) deals with 2 lipids that have, in recent years, expanded the profile of cardiovascular risk, providing further insight into the complexity of lipid metabolism.[1](#jah33879-bib-0001){ref-type="ref"} Lipoprotein(a), although well characterized over many years, has relatively recently been confirmed as a major risk factor in a substantial proportion of Western populations.[2](#jah33879-bib-0002){ref-type="ref"}, [3](#jah33879-bib-0003){ref-type="ref"}, [4](#jah33879-bib-0004){ref-type="ref"}, [5](#jah33879-bib-0005){ref-type="ref"} By contrast, genetically low lipoprotein(a) levels are associated with reduced cardiovascular disorders beyond coronary heart disease, including stroke, peripheral arterial disease, aortic stenosis, and heart failure.[6](#jah33879-bib-0006){ref-type="ref"} Yet, the metabolism of this lipoprotein is not fully known.[7](#jah33879-bib-0007){ref-type="ref"} Apolipoprotein(a) is synthesized in the liver and becomes bound covalently to apolipoprotein B within a low‐density lipoprotein (LDL)--like particle. However, its clearance from the circulation after undergoing cleavage is poorly understood other than that degraded products are excreted through the kidneys.[7](#jah33879-bib-0007){ref-type="ref"}

The article from the Oregon Health Center focuses on this issue and in particular on the role of the LDL receptor (LDLR). They have analyzed the relative reductions of plasma LDL cholesterol (LDLC) in patients treated with the monoclonal inhibitor of the serine protease PCSK9 (proprotein convertase stabilisin/kexin type 9) that result in increased survival of the LDLR and hence substantial decrease in LDLC. Because the inhibitor reduces lipoprotein(a) also, but much more modestly, by approximately half that of LDLC, the authors hypothesized that the relative reductions in LDLC and lipoprotein(a) may indicate the relative removal of lipoprotein(a) by the LDLR. They did, in fact, observe an anticipated divergence or discordance in the percentage of the lipoproteins removed, which was calculated at ≈28% when the lipoprotein(a) baseline concentration was 50 mg/dL (while not claiming that 72% was, therefore, removed via LDLR).

This indirect approach confirms earlier observations of the limited role of the LDLR in lipoprotein(a) removal, although in studies of patients treated with PCSK9, the reductions in LDLC and lipoprotein(a) have been correlated.[8](#jah33879-bib-0008){ref-type="ref"}, [9](#jah33879-bib-0009){ref-type="ref"} In human HepG2 cells, the lipoprotein(a)‐cell association was reduced by coincubation with LDL and with PCSK9 but reversed by addition of a PCSK9 inhibitor, suggesting that LDLR availability was a limiting factor for lipoprotein(a) removal.[9](#jah33879-bib-0009){ref-type="ref"} As yet, no specific receptor for lipoprotein(a) has been demonstrated. Statin therapy, which lowers LDLC by activating LDLR, has been conclusively shown not to lower lipoprotein(a); indeed, some statins may increase lipoprotein(a) level.[7](#jah33879-bib-0007){ref-type="ref"} A meta‐analysis of 7 major randomized controlled trials in 29 069 patients with previous cardiovascular events who experienced 5751 further cardiovascular events over 95 576 patient‐years at risk revealed continuous predictable risk from elevated lipoprotein(a) that was independent of the statin effect on LDLC.[5](#jah33879-bib-0005){ref-type="ref"} Similar findings have been reported on the basis of LPA variants in which genetic variations in the *LPA* locus remained predictive for coronary heart disease events independently of statin‐lowered LDLC.[10](#jah33879-bib-0010){ref-type="ref"}

On the other hand, familial hypercholesterolemia patients with partial or total loss of LDLR activity frequently also have elevated lipoprotein(a) concentrations[11](#jah33879-bib-0011){ref-type="ref"}, [12](#jah33879-bib-0012){ref-type="ref"} that may reflect partial dependence of lipoprotein(a) clearance through the LDLR and incidentally increase their risk of coronary heart disease. Interestingly, however, homozygous hypercholesterolemic patients without active LDLR did lower lipoprotein(a) concentration with PCSK9 treatment.[9](#jah33879-bib-0009){ref-type="ref"} Lipoprotein kinetic studies in patients being treated with the PCSK9 inhibitor alirocumab have been reported to show an increased fractional removal rate of lipoprotein(a) of ≈25% without appreciable change in production rate.[13](#jah33879-bib-0013){ref-type="ref"} That may represent clearance by upregulated LDLR but may also reflect other processes, including direct clearance by the kidney of degraded apolipoprotein(a) particles. PCSK9 may also inhibit lipoprotein(a) production or assembly that probably requires availability of apolipoprotein B because patients with low levels of apolipoprotein B also have low levels of lipoprotein(a).[8](#jah33879-bib-0008){ref-type="ref"} Although atorvastatin paradoxically increases lipoprotein(a) levels, niacin or nicotinic acid and cholesteryl ester transfer protein inhibitors both lower lipoprotein(a) by amounts similar to that of the PCSK9 inhibitors.[14](#jah33879-bib-0014){ref-type="ref"} Yet, neither niacin nor torcetrapib is likely to have achieved this effect through increased LDLR activity. Thus, the question of mechanisms responsible for lipoprotein(a) removal remains largely unanswered. This uncertainty has led to approaches to inhibit production at the genomic level.

The article raises other issues of a more general nature, including the concentration of lipoprotein(a) at which increased risk becomes clinically significant. Both the level of the lipoprotein and the *LPA* gene show the risk to be linear,[15](#jah33879-bib-0015){ref-type="ref"} although possibly log‐linear for *LPA*. A mendelian randomization study showed a doubling in risk for lipoprotein(a).[16](#jah33879-bib-0016){ref-type="ref"} The levels suggested for lipoprotein(a) at which future treatment could be considered are 30 and 50 mg/dL,[5](#jah33879-bib-0005){ref-type="ref"} both well above the median value among Western populations (\<15 mg/dL). The 90th percentile in the LIPID (Long‐Term Intervention With Pravastatin in Ischemic Disease) secondary prevention trial[3](#jah33879-bib-0003){ref-type="ref"} and in the primary prevention Copenhagen Heart Study[2](#jah33879-bib-0002){ref-type="ref"} was ≈70 mg/dL, at which the inflection for risk becomes clear. In the recent meta‐analysis of 7 secondary prevention statin trials, the hazard ratio increased linearly at\>30 mg/dL and reached a hazard ratio of 1.31 at 50 mg/dL[5](#jah33879-bib-0005){ref-type="ref"} (≈80th percentile in Western populations).

The benefit of lowering lipoprotein(a) levels has become pertinent given the impending trials of antisense therapy and the expected high cost of the medications. A mendelian randomization analysis of the extensive UK Biobank database suggested requirement for large reductions in lipoprotein(a) compared with that for LDLC lowering. In the comparison of \>62 000 patients with coronary heart disease and \>127 000 controls, it was calculated that for each 10‐mg/dL reduction in lipoprotein(a), risk decreased by 5.8%. By contrast, a 10‐mg/dL reduction in LDLC would provide greater benefit, 14.5%. The equivalent of reducing LDLC by 38.67 mg/dL (1 mmol/L readily achievable with statin therapy) may be 101.5 mg/dL for lipoprotein(a), a substantial task.[17](#jah33879-bib-0017){ref-type="ref"} Whether this represents a likely number will await clinical trials.

Although the PCSK9 inhibitors lower lipoprotein(a) by \<30%, the 2 current approaches, through antisense technology, promise much larger reductions. Large reductions in lipoprotein(a) have been realized with the antisense oligonucleotide that inhibits the gene *LPA* in the liver. Oligonucleotide directed to inhibit messenger RNA for *LPA* has led to reductions in circulating lipoprotein(a) by as much as 90%, with minimal adverse efffects.[18](#jah33879-bib-0018){ref-type="ref"} The second approach, called ORION, has been through RNA silencing of the PCSK9 gene that lowered LDLC and apolipoprotein B and incidentally also lowered lipoprotein(a).[19](#jah33879-bib-0019){ref-type="ref"} The appeal of the second approach, although directed at LDLC lowering, is that it appears to require only 2 injections annually. The obvious disadvantage of the anti‐PCSK9 technology is that its primary focus is on lowering LDLC and, therefore, the reduction in lipoprotein(a) is considerably less compared with the technology that is directed against lipoprotein(a) production.

Cost‐effectiveness at likely market pricing will require careful analysis. By analogy with discussed recommendations for the use of PCSK9 inhibitors, the drugs may become appropriate for high‐risk patients with elevated lipoprotein(a) and severe atherosclerotic cardiovascular disease. The initial priority is likely to include those with recurrent acute coronary syndrome and other comorbidities, such as familial hypercholesterolemia and diabetes mellitus. Intolerance for statins and a high concentration of lipoprotein(a) as the sole major risk factors (increasingly identified in younger patients with acute coronary syndrome) are likely early candidates.

The article by Shapiro et al^1^ adds to the considerable evidence that the LDLR system plays, at best, a partial role in the removal of lipoprotein(a). Until the full process of removal is elucidated, efforts to reduce lipoprotein(a) rest with inhibitors of its production in the liver.
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